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Institutions
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Princeton Jefferson Lab
SLAC UC Berkeley
Saclay UMass Amherst
Smith College U. of Virginia

65 physicists
5 grad students

Sept 1997 PAC approval
1998: Polarized Beam Instrumentation R& D

1999: Spectrometer and Detector Design
2000: Construction Funds and Test Beams
2001 Commissioning Run

2002: Physics Run |
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Precision Electroweak Measurements \“4

(L EP Electroweak Working Group)

Measurement Pull (oM gl gmess
3-2-1012 3
m, [GeV] 91.1875+ 0.0021 01
I, [GeV] 24952 +00023  -42
o, [nb]  41540+0037 163
R 20.767 + 0.025 1.05
AL 0.01714 £+ 0.00085 .70
AP 0.1465 + 0.0033 53
R, 0.21646 + 0,00065 1.06
R, 01719+ 00031 - 11
AL 0.0994 + 0.0017 -264
ALS 0.0707 + 0.0034 -1.05
A, 0.822 + 0.020 - 64
A 0670+ 0,026 06
AfsSLD) 0.1513 = 0.0021 1.50
sin“07(Q, ) 0.2324 +0,0012 B6
my, [GeV]  B0.451 +0.033 1.73
[y [GeV] 2.134 + 0.069 59
m, [GeV] 1743 £ 5.1 -08
:%i“.ll,ll.l,:'. M L2207 4+ 00016 3.0

F

3210123

X/ _304

dof 15
Probability ~ 1.5%

Few smoking guns,
no definitive clue for
New Physics yet
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Parity Violation in Mgller Scattering gM4

| e e Y -
» Scatter polarized 50 GeV €lectrons Loy ) Sy )
off unpolarized atomic electrons e g -

* Measure 5 _9r7OL

PV

Ogr t0,

o Small tree-level asymmetry
G. 16[&%in°0 1

-sin’B
J2na (3+cos?0)? | 4 Wj

. Attreelevel, A,, =32010° (at 90 degreesin CM frame)
* Raw expected asymmetry about 140 ppb

o Goal isto measure it with precision of 8%

o Most precise to date measurement of sin?0,, at low Q? with
o(sin%6,,)=0.0008

A,, = mE
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| Radiative Corrections: Running of sinZ0,, L‘."J
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E158: Physics Impact A4
 Establish running of sin6,, to 8o level

e Sengitivity to new physics. compositenessup to 15 TeV, Z’
(GUTs) to ~1TeV
o Complementary to collider limits, different couplings

LEPII E158
e e e e ~
Compositeness % + % % - % N=15TeV
e e e e
FNAL
a\ - |+ e, ¢
Neutral currents > _____ < > M, =1TeV
e e 2
A 9
Scalar interactions (LFV) e> ----- < 2M§ <0.01G;
e
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Experimental Technique A

o | Scatter polarized electrons off atomic e ectrons
o High cross section (14 puBarn)
o High intensity electron beam, ~84% polarization
o 0.18r.l. LH2target (1.5 m)
» Luminosity 4* 1038 cm2st
o High counting rates = flux-integrating calorimeter End Station A

* Principal backgrounds:

elastic and inelastic ep
e Main systematics:

nBeam polarization
nHelicity-correlated beam effects
nBackgrounds

e

Source

E158 @ Spin 2002
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Parity-Violating Asymmetry Ny

1. Measure pulse-pair asymmetry: 2-45x10"
_0,-0, 3.5-6Xx 1011)W./

U 120 Hz

A

exp

liquid hydrogen

2. Correct for differencein R/L beam properties:

A=A~ ZaiAxi <«— charge, position, angle, energy
R-L differences
coefficients determined experimentally

3. Obtain physics asymmetry:
A = 1 A, @ backgrounds
PV~
Py 1- fbkg
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Experimental Challenges A4
1. Electron Beam 2. Electron Beam monitoring
1) highintensity 1) toroid resolution: < 30 ppm per pulse
- 500 kWatt beam power ii) BPM resolution: < 1 pm per pulse
i) stability lii) energy resolution: < 50 ppm per pulse

- intensity jitter <1%

- spotsize jitter <10%

- position jitter <10% (D, =), > 107
1) small left-right asymmetries —— A= <|> +<|> <210

- intensity R L

- position/angle A, =(x), —(x) <10nm

- energy _
Iv) compatibility with PEPII operation A= <E>R <E>L <2108

(E)e *(E),

3. Liquid Hydrogen Target 4. Detectors
1) target density fluctuations: <104 per pulse 1) detector resolution: <100 ppm per pulse
11) 18% radiation length 1) multiple backgrounds

- absorbs 500W beam power 111) radiation damage
1) safety Iv) linearity < 1%
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Electron Beam: Systematics

A

4

1lse pair

U ulse pair
e R R
 Beam helicity is chosen pseudo-randomly W

by using electro-optical Pockels cells Hv
in the Polarized Light Source pulse
» Create pulse quadruplets at 30 Hz

L

L

30 Hz quadruplet

—_—

Pseudo-Random Helicity Flips

- Beam asymmetries reduced by using feedback at the Source

« Control charge asymmetry and position asymmetry

» Physics Asymmetries can be reversed
e Insert a half-wave plate in the Source
 Change the (g-2) spin precession in the A-Line
(take 45 GeV and 48 GeV data)

» False Asymmetries can also be reversed

e Insert the “"-I/+1I" Inverter in Polarized Light Source

» Reverses both false beam position and angle asymmetries

» Leaves physics asymmetry unchanged

*"Null Asymmetry” cross-check is provided by a Luminosity Monitor
» Measures very forward angle e-p (Mott) and Mgller scattering



Electron Beam: 89
Polarized Source Photocathode

19 | S 1 | | |
10nm 5x10  cm> «GaAs b O\ !1}
17 .
90 nm 5x10 ' cm”® GaAs 95P o5 S { I
70 - T 2 o1
2.5 pm GaAs; g5 0.24 ™. E%
..-. &0 - HHH
= ™,
= \ o
2.5 pm Gansq Y PY g \ =01 O
y=0 -> 0.34 £ r “ ¥ : E
g s I \ -
GaAs substrate = z®"m "
] “ \ .01
g - - ."“*.\__
Reference: T. Maruyamaet al., SLAC-PUB-9133, - hY
March 2002; (submitted to Nucl. Inst. Meth. A). Npg™ ] | I L -
NOTES: 650 700 750 8O0 850
. Wavalendgth (nmj

1. Gradient-doped cathode structure
* high doping for surface 10nm overcomes charge limit
* low doping for most of the active layer gives high polarization

2. Previous“standard” cathode was active layer of 100nm GaAs w/ 510 cm3 doping
3. Small anisotropy in strain: ~3% analyzing power for residual linear polarization
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Electron Beam:
Delivery Summary

Beam Charge | 6x 10" 6 x 101
Intensity Jitter | 2% rms? 0.5% rms
Position Jitter | <10% of spotsize | 5% of spotsize
Spotsize Jitter | <10% of spotsize | 5% of spotsize
Energy Spread | 0.3%rms 0.1% rms
Energy Jitter 0.2% rms 0.03% rms
Polarization 75% ~85%

4206 required for physics measurement; 1% for accelerator operation

E158 @ Spin 2002
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Electron Beam: Diagnostics M4

Position
Angle BPZMS
Momentum BPMs (2)
Accelerator Defining (2)
Thermionic Slits \‘ .
Gun  BPMs (3)
- . -L . Toroids /M@y
2 pair
Polarized To\réds (2) Dithering Colils Dispersive (2 pair)
Gun for x, X, y,y’ (Energy)
1 GeV 48 GeV BPMs
(2)
Not shown:

e Mgller Polarimeter in ESA
e Synchrotron Light Monitor before momentum slits
e Energy dithered by using sub-booster phases for Sectors 27, 28
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Electron Beam: 4
Monitor Resolutions

Target BPM x,y | 1pm 0.5 um 2 um
Target BPM x’,y’ | 0.4 prad | 0.03 prad | 0.1 prad

Energy BPMP 30 ppm 40 ppm
Target Toroid 30ppm |30ppm | 60 ppm

BPMAZ X diff {um)

Resolution goals are to achieve 1ppb error

after 600M pulses for each of x, X, y, V', E, | e R VY SRR RS
Resolution of
2Relaxed goals for Run | (due to statistics) target position BPMs

bEnergy goal ignores detector calorimetric compensation for
1/E — dependence of Mgller cross section
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Electron Beam: Asymmetries

Beam beam ALR Contribution | Contribution
property to A, (stat) | to A (sys)

Intensity 340 ppb 5.7 ppb 3.4 ppb

Energy 5 ppb 2.6 ppb <1 ppb

Position 15 nm 1.0 nm ~1 ppb

Angle 0.25 nrad 1.0 nm ~1 ppb
Spotsize 0.7 nm 1.5 nm ~1 ppb

PRELIMINARY!

Total Contributions to A R): ~7 ppb (stat) and ~4 ppb (sys)
Expected &A g)5™ =(20 — 25) ppb

09/13/2002, DRR

E158 @ Spin 2002




| Experimental Layout: ESA kN4

Target chamber
_ Quadrupoles

Concrete Shielding Detector Cart

Precision
Beam
Monitors Dipoles Lum|n05|ty

Main Drift pipe Monitor
Collimators

60 M




Experimental Layout:
Liguid Hydrogen Target

Refrigeration Capacity
Max. Heat L oad:
- Beam
- Heat L eaks
- Pumping

Length

Radiation Lengths

Volume

Flow Rate

Reynolds number in target cell

1000W

S00W
200W
100W

15m
0.18

47 liters
10 m/s
106

Wiremesh disksin thetarget introduce
turbulence at the 2mm scale and a transver se

velocity component. Total of 8 disksin thetarget.

09/13/2002, DRR
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exchanger
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Experimental Layout: Spectrometer i\
0m Photon _ 58 m
| Collimator Acceptance Collimator
S 30 cm
; J; S —20 cm
Rt | g e e = —0 cm
Target
Dipoles  Quadrupoles i
ring ring

» Dipole chicane allows clean collimation of

photons and positrons from target interactions “;

-

e Quadrupoles separate moller and ep flux
at detector face (see inset)
 Main acceptance collimator (upper right corner)

i)

0

i -

y
1

§ nallrs
I . .|_':|'|"|
p—

[7.5 215 T1E JiE 174

radial distance from beamline (em)

accepts mollers in desired momentum/radial range

e Synchrotron collimators (not shown) block synchrotron radiati

E158 @ Spin 2002
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Experimental Layout: Detectors {\’y

Primary (Unscattered) Beam

— G
Radius | g Vacuum
(cm)
- 16 . = i |
Air = % Luminosity
profile detectors (z axis not to scale)
L 40 -

MOLLER, EP are copper/quartz fiber calorimeters <9|';"bOLLER> = 6.0mrad
PION is a quartz bar Cherenkov
LUMINOSITY is an ion chamber with Al pre-radiator <9,;t”\"' > =1.5mrad

All detectors have azimuthal segmentation,
and have PMT readout to 16-bit ADC
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Experimental Layout: Moller Detector b

Basic Idea

Moller ring

11111111
““““
“““““
11111
1111111
““““

11115 light guide

air

= 20 million electrons/pulse at 120 Hz |
100 Mrad radiation dose "
e Copper/fused silica fiber sandwich -

» State of the art in calorimetry at ultra-high flux P ring
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Results: A4
Moller Asymmetry Resolution

1400 E_ raw asymmetry
1200 _ Eﬁstn‘butr‘nn
1000 _ in one PMT
800 |
600 £ RMS ~ 3460 ppm
400 [
200 £
0 b L.

-40000 -20000 0

N R PR N
20000 40000 60000 80000

Y00 distribution re
3501~ for energy,
3001~ position,
2501~ angle
200 in one
150~ PMT
100 -
50 -
G _| ]

2000 0 -1000

09/13/2002, DRR

:— charge normaliz
—distribution
—in one PMT

~ 1108 ppm

)

1 1 i L |
-5000 0 5000 10000

. Fwidtt

|
-10000

~ 15 Million
electrons/pulse

oc=194 ppm

il

1000

0.1
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Results: Moller Asymmetry (Blind) g4

Based on analysis of 146M spills collected in April-May 2002
Asymmetry blinded to avoid bias (expect ~ —0.14 ppm)

Chi2 Indf= 158115
Prob =0.397
p0  =0.0223 £ 0.0247)

L

l |
Blinded vaue:
Ap, = 0.022 £ 0.025 ppm

2 4 6 8 10 12 14 16
Data Sample
09/13/2002,1 E158 @ Spin 2002
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Results: Systematic Check A4

Experiment run at 2 energies (for g-2 asymmetry flip)
Equal data samplestaken at both half-wave plate settings

| 48 GeV —e— 0002:0040
45 GeV —— 0035 +0031
HW OUT —es—— o0011+0036
HWIN |—e—— 00320034
Awrage |—e— o0022+t0025
TN FEENE AEEE FEE N FERNE FERNE N
09/13/2002, DRR -6.15  -01 -0.65 0 0605 01 015 E158 @ Spin 2002

Moller Asymmetry (ppm)



—rm

Results: Asymmetry Pulls Per Run /4

Nent = 524
. Mean = 0.0103%
%0 J’ RMS = 0.9926

BDE_
pull = Arn ~Arun) . H|
(0] 60

run

50—

to
Expecta meanof 0 - -
and an RMS of 1 : J(

10 o + ++

Runs
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| Results: Statistics and Systematics g4

Nent =6280160
Mean =-1.864e-05 Asymmetry pulls

RMS =0.9983 per event pair: 12M spills
_ (about 2 days of data)

o Average asymmetry
width: 195 ppm

14
10

Expected systematic error

In Run | ~ 10-15 ppb

<> Dominated by background
subtraction (inelastic ep)
and polarization measurement

Events
o
H— IIIIIII| [ IIIIIII| [ IIIIIII| [ IIIIIII| [T

|—n
[ ]
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Results: EP Asymmetry k¥4

|___Preliminary ep Asymmetry Versus Slug |‘ Legend
@

45 GeV, Halt-Wave Plate In

45 GeV, Half-Wave Plate Out

‘ E 48 GeV, Half-Wave Plate In
T

48 GeV, Half-Wave Flate Out
---------- 45 GeV Average = -1.36 +/- 0.05
.......... 48 GeV A\.reraﬂe =-1.7 +/- 0.08

% Most precise
SEEEEE measurement of PV
asymmetry in
.+ & 1% 2 % 4 electron
scattering !
RO 19 ¢ %

quadrupoles on

- ollery it
2 "'H'F

-y
JI|IIII|IIII|IIII|IIII IIII|IIII|IIII|

¥
o))
4
=
3

1 1 1 1 1 1 1 1 1 1 ']
4 10 12 14 16 e g

[+

3
Slug

|
!

af

Apaw (45 GeV) =-1.36 £ 0.05 ppm (stat. only) /”1
Ar (48 GeV) =-1.70 £ 0.08 ppm (stat. only)

20-30 ppb correction to Mgller asymmetry in Run |
<20 ppb correction for Run Il £158 @ Spin 2002



E158: Summary A4
e High quality physics data collected in Run |

a Approx. 250 million spills logged
e 200 million spills for A,

0 0A R = 0.025 ppm (150 million spills analyzed)
o Excellent beam quality (SLAC Is amazing)
o All experimental systems working reliably

e Expected physics result in 2002

o Goal: first observation of Parity Violation In
Magller scattering 6sinZ6,,, < 0.003 (stat and syst)

09/13/2002, DRR E158 @ Spin 2002



Future et

= Experiment poised to achieve proposal goals
* Nontrivial constraints on New Physics with
dsin?6,,<0.0008

o Unigue window of opportunity, complementary to
FNAL Run |

o Need 4 months of datataking at 120 Hz

e Current planat SLAC:
o 1.5 months October-November 2002

o We hope to complete the experiment by the end of
calendar 2003

09/13/2002, DRR E158 @ Spin 2002



Electron Beam: Mgller Polarimetry e

ierl1)
— 1B T L L T TR
g‘-m Haliciy 0 - eyl gﬂm
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er]
L=

Integrated Peta-Electrons
o

Rate (Hz)
=

a
El-:
e

——

i ] 10 ‘?ime {5%1’5] 25

I,
S0

35

104,000 Peta-Electrons
(16.6 Coulombs)
232 Million Spills

] 5 0 g [52? o 25

30

35

- Beam Delivery for F158

(April 20 - May 27)

Beam Delivery Efficiency (120Hz running)

~84% Electron Polarization

72% for 48 GeV, 3.5 x 1011
65% for 45 GeV, (5-6) x 101

2000

4000

P
=
=
o

Peta Electrons / Day

1000+

3000

48 GeV | '45 GeV
3.5+ 10"/ Pulse (5-6) « 1011 / Pulse
0 D 10 15Time ﬁgays] 25 30 35
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‘ Charge Asymmetry \ ;‘:’

integrated torla

15F IA Loop Induced Asymmetries
- T 12F i
E 2 wE :
= S sE Avg. correction =-44 £+ 332 ppb
05 E_ ................................ = 6 E_ MVY. — =S5 T JJL [N
0F S L4E
o E 4:—
05F Eﬁf_} . IH{{!T 4;*
- [-F] =
o= S 2F 1 + T 1 { * 1
E 2 oap
-1 5‘_ f.: [P R B N S S - .ﬁf— /
0O 10 20 30 40 50 60 70 e Ry T T ST

Time (Mpairs) Time (slugs)
The double-feedback keeps the average
charge asymmetry corrections tiny!

ppm

integrated tor2a

D | Toroid Agreement I
g; 400
o5  F Ut -

100

Agreement {ppb)

0= !
05 ;—5‘{:;5 P !
AR 200
-1'53_'.?""""""--'----'----n....| 0 20 ﬁ'?mefarb?ﬂ.—.imau 100
° T (Mp:inre] 0 60 70 2a-3a=210+572ppb T
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‘ Energy Asymmetry \ e’ |

integrated bpm24X

sob 1, Nulling the charge asymmetry

oE R . 4.9£15.7ppb at 1.2 GeV region does

wb UF \&,,_,..f\ ________________________________ __ indeed seem to help zero the
3 of PO energy asymmetry.

20 f_ [T SO PSRE PP PRLPOOL

40F

60 ;—

0 10 20 30 40 50 60 70
Time (Mpairs)

Energy Ayreement |

200 |
100
o
100
200
amop- 1.71 £ 2.60 ppb

400 —

The two energy BPM'’s agree
to very high precision!

Agreement {ppb)

0 20 40 EQ 20 100
Timelarb. unitsl
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POS Loop Performance

| integrated bpm1X |

| integrated bpm1Y

. | 3
Feeding back on 10F., 20E1
: I 22+25nm (E1
ASSET BPM’s, gEet, e 1oE3 e 09+50nm
C. 4 . 4 i _ E B
after ~30M pairs: . [:3 ¥ # e 2F L -
£ o_ﬂ%;;t—uf. T € of
r A% 5;_ ‘W‘a RS
sF A0E
z 5
A0F 20F
0 10 15 20 25 30 0 5 10 15 20 25 30
Time (Mpairs) Time (Mpairs)
; .
Source Plot: POS loop induced X difference | Som e A _/ Ine BPM s'
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POS Loop On vs. Off v\

38.6M pairs 29.7M pairs

Quantity POS “On” POS “ Off"
/X X: 0.6x2.1nm X: 126+2.4nm
ASSET Y: -27+4.4nm Y: -49.8+5.7nm

/X X: -23.3+7.0nm X: -5.1+£59nm
Target Y: 44+50nm Y: -7.6x57nm
dAX) X: 2.1+0.8nm X: 09+£1.0nm
Target Y: -0.2x1.4nm Y: 1.1+1.6nm

X X: -19.2+8.4nm X: 13.2+85nm

Angle : :

Y: 6.0x£3.4nm Y: 26+43nm

dAX)AngIe X: 0.1%x1.3nm X: -0.3+x1.8nm
Y: 04+£0.8nm Y: 06+1.1nm

POS loop definitely nulls position differences at ASSET, but it doesn’t look to be
doing any good in the A-line. The feedback may be steering the pulse funny in
order to null position differences at ASSET. Overall, though, things look very good.
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| Spotsize asymmetries |
BfE F
z 33 N X:0.8+£1.8nm :
4 F ~ 2
T s z
|:|_ Xk - et §
s = - -
E 2 n.t::-%__----’t‘m:‘:ﬁcg """ F
5 ab. Op e
B tﬁ Y:08+1.8nnm 3
E; 1 1 1 1 1 :I 1 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (Mpairs) Time (Mpairs)

Xagree: 1.0+ 1.1 nm
Y agree: 0.3+ 1.7 nm

Wire array broke in the middle of the run, so only 30M pairs represented here.

(2nm spotsize difference is ~2ppm spotsize asymmetry
and this size effect could give ~ppb false asymmetry due to
Induced target density changes,
need to quantify better from data analysis)
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| Polarized Source Laser System .E"

&
Spectromefer \ :‘5& A2 P:m_.rter
R 7z anitor
SLICE ""m “VI
#~ Flash:Ti Bench

Combiner Bench Longpulse

N\

=
Intensity 1 Wall Bench
insertable +2| Clean-up

v
o
0o polarizer Insertable Production
‘ U0 0 pickoff Telescope
helicity  Agynfmet (’ ° "
filter Tverter | Intensify 2 thode—nsertable 212
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Beam Asymmetry Feedbacks .

ltem Control Diagnostic
Intensity |A Pockels Cell Toroid (@ 1 GeV)

Position Piezo Mirror BPM (@ 1 GeV)

Algorithm: - measure asymmetry on arun with
I — N pulses (typically 1-30K pulses)
- Induce asymmetry on next run to
cancel measured asymmetry on
current run

l

Gives better than 1/sgrt(N) scaling
of charge asymmetry, position difference

Flash:Ti

E158 @ Spin 2002



Profile Detector L4

v' 4 Quartz Cherenkov detectors with PM T readout!
% insertable pre-radiators '
& |nsertable shutter in front of PMTs

v' Radial and azimuthal scans

» collimator alignment, spectrometer tuning
» background determination
» Q? measurement

N |- | o= SIS A SR
160 quadrupoles off quadrupoles on E:
140 oller ep ] moller ep

o [\ | ,ﬂ %
120} ]

100 l 1 1s0p
&0 | oA : |
o | ‘ ] 1000
40 i ! l : 50 mnﬂfrﬁl
ma!feri I
0F J + eps eps
ot R R L - - L - e 3 X

radial distance from beamline (cm) E158 @ Spin 2002



Results: Pion Asymmetry k4

E1$H3.l’p | Chi2 / ndff = 21,03/ 27
0, pll

}“H *'t i” Ar(m) = 1.6 ppm

Estimated correction

to A g —2 ppb




